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PURPOSE 


1.0  INTRODUCTION 


The  purpose  of  this  Interference  Canceller  System  (ICS)  Test  document  is  to 
report  the  results  of  the  ICS  tests  conducted  during  the  week  of  27  June  1988  at  the 
NavaJ  Ocean  Systems  Center  (NOSC),  San  Diego,  CA.  These  tests  were  conducted  by 
David  Cooper,  Singer  Electronics  Systems,  and  observed  by  Harold  Schmidt,  Space 
and  Navsd  Warfare  Systems  Commjuid. 


1.2  SCOPE 

Singer  tested  a  brassboard  ICS  at  NOSC,  Bldg.  410,  during  the  week  of  27 
June  1988.  A  protot3T)e  Joint  Tactical  Information  Distribution  System  (JTIDS)  ship 
antenna  located  under  Tactical  Air  Control  And  Navigation  (TACAN)  antenna,  the 
OE-273,  and  a  TACAN  URN-25  beacon  were  provided  by  NOSC  to  conduct  the  tests. 
The  purpose  of  the  ICS  is  to  reduce  the  antenna  coupled  TACAN  power  in  the  JTIDS 
receive  path  while  allowing -100  dBm  JTIDS  signals  to  be  received  at  15  MHz  or 
more  from  the  TACAN  frequency  during  TACAN  transmissions.  The  test  of  27  June 
1988  was  only  for  evaluation  of  the  ability  of  the  ICS  to  reduce  the  TACAN  power  in 
the  JTIDS  receive  path.  The  power  and  signal  radiated  by  the  TACAN  antenna  are 
not  to  be  effected  by  the  ICS. 


1.3  AUTHORIZATION 

The  test  was  performed  on-the-air  by  authorization  of  Naval  Frequency 
Coordinator  Western  U.S.,  Pt  Mugu,  CA,  on  TACAN  channel  37X  (998  MHz).  The 
tests  were  coordinated  with  the  Federal  Aviation  Administration  (FAA).  The 
authorization  is  shown  in  appendix  A. 


1.4  REFERENCES 


1.4.1  TACAN  Interference  Canceller 

Preliminaiy  Test  Plan,  31  March  1988 
by  Dr.  David  Cooper 
Singer  Electronic  Systems  Division 
Wayne,  NJ  07470 

1.4.2  F*14D  Interference  Cancellation  System 

TACAN  Interference  Cancellation  System 
Preliminary  Design  Review,  29  September  1987 
by  Dr.  David  Cooper 
Singer  Electronic  Systems  Division 
Wayne,  NJ  07470 


Accesion  For 

NTIS  CR'.vi 
DfiC  ' 


I 

!  H-- 
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2.0  TEST  INSTALLATION 


2.1  TEST  FACILITY 

The  Test  Facility  consists  of  a  TACAN  antenna  (OE-273)  with  lightning 
arrester  mounted  above  a  prototype  JTIDS  antenna,  mounted  on  a  25-foot  mast.  The 
TACAN  antenna,  TACAN  RF  cable  (150  feet),  and  associated  control  cables  are 
connected  in  Bldg.  410  via  an  underground  4-inch  PVC  pipe.  The  JTIDS  RF  cable 
(150  feet)  is  laid  out  above  ground  and  terminates  within  Bldg.  410.  Both  ends  of  the 
DELAY  RF  cable  (300  feet)  terminate  within  Bldg.  410.  The  TACAN  beacon 
(URN-25),  control  indicator,  AC  power,  DC  power  supplies,  and  test  equipment  are 
all  located  within  Bldg.  410.  The  test  facility  is  depicted  in  figure  1. 


2.2  RF  TEST  CABLE  CHARACTERISTICS 

The  following  RF  cables  were  used  for  the  27  June  1988  tests  Ot  the  test 
facility: 

LDF-50  Cable;  Delay  (RF)  =  300  feet 

Return  Loss  vs  Frequency  @998  MHz  =  app.  26  dB 

Insertion  Loss  vs  Frequency  @998  MHz  =  app.  11  dB 


LDF-50  Cable;  TACAN  (RF)  =  150  feet 

Return  Loss  vs  Frequency  @998  MHz  =  not  measured 

Insertion  Loss  vs  Frequency  @998  MHz  =  not  measured 

connected  in  series  with  the 

LDF-50  Cable;  Delay  (RF)  (300  feet)  =  450  feet 
Return  Loss  vs  Frequency  @998  MHz  =  app.  35  dB 
Insertion  Loss  vs  Frequency  @998  MHz  =  app.  17  dB 


LDF-50  Cable;  JTIDS  (RF)  =  150  feet 
Return  Loss  vs  Frequency  =  not  measured 
Insertion  Loss  vs  Frequency  =  not  measured 


2.3  TACAN  OPERATION 

The  URN-25  TACAN  was  satisfactorily  checked  and  tested  by  the  Naval 
Electronics  Systems  Engineering  Center,  Vallejo,  CA.  The  URN-25  TACAN  Reference 
Standard  Sheet  comprises  a  front  panel  power  and  current  readings.  Additionally, 
output  pulse  shapes  were  measured  using  an  oscilloscope.  The  Reference  Standard 
Sheet  is  shown  in  appendix  B. 
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TACAN/JTIDS  ANTENNA 
MOUNTED  ON  25’  MAST 

I  ^ _  LIGHTNING 

1  ^  ARRESTER 


Figure  1.  Test  facility. 
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3.0  ICS  TEST  EVALUATIONS,  OBJECTIVES,  RESULTS, 

AND  CONFIGURATIONS 

3.1  TEST  #1  -  DELAY  AND  COUPLING 

3.1.1  Delay  and  Coupling  Evaluation 

The  evaluation  of  delay,  multipath,  and  isolation  between  the  TACAN  and 
JTIDS  antennae  gives  the  optimum  delay  line  length  required  to  effect  maximum 
signal  cancelling  at  the  input  of  the  JTIDS  receiver  port. 

3.1.2  Delay  and  Coupling  Objective 

The  objective  of  this  test  is  to  determine  the  optimum  length  of  delay  line  for 
the  ICS  to  cancel  the  TACAN  signal  when  received  by  the  JTIDS  receiver. 

3.1.3  Delay  and  Coupling  Result 

These  tests  showed  that  a  300-foot  cable  in  series  with  the  ICS  provided 
nuiximum  isolation  between  TACAN  signal  and  JTIDS  receiver  port. 

3.1.4  Delay  and  Coupling  Configuration 

The  configuration  of  ICS  test  #1  is  depicted  in  figure  2. 

3.2  TEST  #2  -  CANCELLER  PERFORMANCE  USING  A  LOW-POWER 
PROBE  SIGNAL 

3.2.1  Canceller  Performance  Evaluation 

This  test  measures  the  ability  of  the  interference  canceller  to  reduce  inter¬ 
ference  uctween  the  TACAN  antenna  and  JTIDS  receiver.  Time  delay,  approximately 
equivalent  to  the  length  of  the  TACAN  and  .ITIDS  RF  path  (300  feet),  was  inserted  in 
series  with  the  ICS  weight.  The  signal  generator  (continuous  wave  (CW)  signal)  was 
swept  over  a  20-MHz  spectrum,  the  weight  held  constant  after  tuning  to  a  single 
frequency,  and  level  measurements  were  made  with  the  canceller  both  in  and  out  of 
the  circuit. 

3.2.2  Canceller  Performance  Objective 

The  objective  of  this  test  is  to  produce  a  minimum  cancellation  of  30  dB,  while 
sweeping  across  a  20-MHz  bandwidth  frequency. 

3.2.3  Canceller  Performance  Results 

The  results  of  these  tests  proved  that  the  ICS  could  cancel  the  CW  signal 
generator  more  than  the  required  30-dB  objective.  However,  this  is  only  after 
manually  tuning  the  weight  to  the  desired  frequency. 
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Figure  2.  ICS  test  #1  configuration. 
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3.2.4  Canceller  Performance  Configuration 


The  configuration  of  ICS  test  #2  is  depicted  in  figure  3. 


•\3  TEST  -  CANCELLER  PERFORMANCE  USING  A  URN-25 
TACAN  SIGNAL 

3.3.1  Canceller  Performance  Evaluation 

This  test  measures  the  ability  of  the  interference  canceller  to  reduce  inter¬ 
ference  between  the  TACAN  antenna  and  the  JTIDS  receiver  port.  Time  delay, 
approximately  equivalent  to  the  length  of  the  TACAN  and  JTIDS  RF  path  (300  feet), 
was  inserted  in  series  with  the  ICS  weight.  Instead  of  an  unmodulated  CW  signal,  a 
fully  modulated  CW  TACAN  signal  is  used  in  lieu  of  the  signal  generator. 

3.3.2  Canceller  Performance  Objective 

The  objective  of  this  test  is  to  produce  a  cancellation  of  40  dB,  resulting  in 
-15  dBm  TACAN  interference  signal  at  the  JTIDS  receiver  port.  The  JTIDS  receiver 
nonlinear  region  is  between  0  dBm  to  -10  dBm.  To  avoid  saturating  the  JTIDS 
receiver,  it  is  required  that  the  TACAN  signal  at  the  JTIDS  receiver  be  -15  dBm.  The 
URN-25  TACAN  radiates  3  kW  in  the  high-power  mode,  which  is  -»-65  dBm. 
Assuming  40  dB  isolation  between  the  TACAN  and  the  JTIDS  antenna,  the  JTIDS 
would  receive  +  25  dBm  at  the  front  end.  To  achieve  the  -15  dBm  at  the  JTIDS 
receiver,  a  cancellation  of  (-1-15  +  25)  dB=  +40  is  required. 

3.3.3  Canceller  Performance  Results 

The  testing  started  on  27  June  1988  without  any  attenuation  being  inserted  in 
series  with  the  ICS.  The  result  was  a  20-dB  cancellation,  15  dB  less  than  the  expected 
35  dB,  as  depicted  in  figure  4.  The  reason  for  these  poor  results  is  due  to  the  inability 
of  the  ICS  to  respond  quickly  enough  to  the  modulated  TACAN  signal.  Additionally, 
it  is  felt  that  the  components  within  the  ICS  cannot  sustain  the  high  power  (3  kW) 
signal  from  the  TACAN.  After  various  amounts  of  attenuation  were  inserted  in  series 
with  the  ICS,  the  optimum  result  of  these  tests  produced  a  30-dB  average  cancel¬ 
lation  at  the  designated  frequency;  25  dB  average,  3  MHz  on  either  side  of  the 
designated  frequency;  and  25  dB  average,  6  MHz  on  either  side  of  the  designated 
frequency.  These  tests  were  all  conducted  at  the  “fixed”  test  frequency  of  998  MHz 
(channel  37X),  with  the  ICS  in  the  manually  tuned  mode  of  operation.  These  results 
are  depicted  in  figure  5. 

3.3.4  Canceller  Performance  Configuration 

The  configuration  of  ICS  test  #3  is  depicted  in  figure  6. 
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TACAN/JTIDS  ANTENNA 
MOUNTED  ON  25'  MAST 


Figure  3.  ICS  test  #2  configuration. 
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MKR  997.991  MHz 

REF  .0  dBm  ATTEN  10  dB  -15.50  dBm 
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Figure  4.  ICS  test  #3  finding. 
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REF  .0  dBm  ATTEN  10  dB  -66.90  dBm 
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ARRESTER 


Figure  6.  ICS  test  #3  configuration. 
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4.0  RECOMMENDATIONS 


4.1  INTERFACE  CANCELLER  SYSTEM 

The  ICS  tested  satisfactorily  for  test  #2,  in  a  fixed  frequency,  CW  mode  of 
operation,  after  fine  tuning  the  weight.  The  weight  requires  fine  tuning  each  time  the 
frequency  is  changed.  This  ICS  test  model  was  only  tested  to  determine  the  cancelling 
capability,  while  the  automatic  fine  tuning  version  is  still  undergoing  final  develop¬ 
ments.  Additionally,  the  ICS  requires  the  delay  circuitry  internal  to  the  ICS  module 
to  preclude  the  requirement  of  a  300-foot-long  piece  of  LDF-50  RF  cabling  to  allow 
maximum  cancellation  of  the  TACAN  radiated  signal.  It  is,  therefore,  recommended 
that  the  ICS  be  fitted  with  the  delay,  attenuation,  and  automatic  frequency  tuning 
capabilities  prior  to  further  testing  using  the  URN-25  TACAN  and  the  frequency 
allocation  resources  required  for  going  on  the  air. 

During  ICS  test  #3,  with  a  modulated  CW  TACAN  signal,  the  ICS  failed  to 
achieve  the  required  30  dBm  of  cancellation  as  per  the  objective.  It  is  felt  that  this 
phase  of  testing  can  be  done  in  a  laboratory  environment  using  a  modulated  CW 
signal  rather  th6m  an  operating,  on-the-air,  TACAN  system  requiring  FAA  and  area 
frequency  coordinator  authorization. 

The  ICS  has  not  shown  that  it  can  receive  a  JTIDS  signal  at  -95  dBm  either 
at  15  or  100  MHz  away  while  a  TACAN  is  transmitting. 

Given  these  test  results  and  the  progress  to  date,  it  is  recommended  that 
further  development  be  continued  on  the  ICS  to  avoid  saturating  the  JTIDS  receiver. 
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APPENDIX  B 

URN-25  TACAN  Re^  ^ence  Standard  Sheet 


REFERENCE  STANDARD 
FOR 

AN/URN-25  TACAN 


CUiTPUT  POWER 

- ^pOO  _waTTS 

jPrt -  _^J?6^_watts 

SSD - - ^'^!!_WATTS 

REF _ _ _WATTS 

MED  PA-__^-^(^_WATTS 


OUTPUT  CURRENT 

PA - - .i^Zl-mAMPS 

IPA - - PP  mAMPS 


OUTPUT  PULSE  SHAPE 

AMPL I TUDE - VOLTS 

LEADING  EDGE — ^^mmSEC 
TRAILING  EDGE-^^mmSEC 
PULSE  WIDTH - _:?i.JmmSEC 
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